ABSTRACT. The aim of this study was to determine antimicrobial resistance of Aeromonas hydrophila isolated from farmed Nile Tilapia. A total of 50 A. hydrophila isolates from clinical cases were screened for the presence of class 1, 2 and 3 integrons and all the strains resistant to enrofloxacin and/or ciprofloxacin (n=19) examined for mutation in the quinolone resistance-determining regions (QRDRs) of gyrA and parC. The intI1 gene was detected in 23 A. hydrophila strains (46%) but no intl2 and intl3 were detected. Among these, 14 isolates (60.8%) carried gene cassettes inserted in variable regions i.e., partial aadA2, aadA2, dfrA1-orfC and dfrA12-aadA2, of which the most common gene cassette array was dfrA12-aadA2 (26.09%). Conjugal transfer of class 1 integrons with resistance gene array was detected. All the A. hydrophila strains resistant to enrofloxacin and/or ciprofloxacin possessed mutations in the QRDRs of gyrA and parC. Only a Ser-83-Ile substitution was identified in GyrA and only a Ser-80-Ile amino change was found in ParC. The data confirms that A. hydrophila from farm-raised Nile Telapia serve as a reservoir for antimicrobial resistance determinants.
The Nile Tilapia, Oreochromis nilotica, is an outstanding fish among the global aquaculture and also the most profitable fish among the Tilapia species. Due to increased demand, the Tilapia industry has rapidly expanded over the years. The fast-growing massive production has led to inappropriate farm management systems e.g., increasing stocking density, fluctuating temperature and poor aeration and water exchange that provoke stress and enhance susceptibility to pathogenic infections. For these reasons, farmed Tilapia has been challenged with several disease outbreaks e.g., streptococcosis, edwardsiellosis, monogenetic trematodes and motile aeromonas septicaemia [13] .
Aeromonas hydrophila is an opportunistic pathogen in fish, reptiles and humans. The bacterium is widely distributed in aquaculture and has been shown to inflict diseases in warm water fish including Tilapia [23] . The prevalence of A. hydrophila infections in cultured Nile Tilapia appears to be higher than that of wild fish and the mortality rate could be very high up to 80-100% [14] . This pathogen is a zoonotic agent that is transmitted to humans via ingestion of contaminated water and food (e.g., seafood, raw meat, vegetables and milk). Due to its ability to grow at refrigerated temperature, A. hydrophila is considered a foodborne pathogen of emerging importance [11] . The pathogen is also commonly acquired through an open wound that is exposed to contaminated water and was the most frequently isolated microorganism from survivors of 2004-Thailand Tsunami who had skin and soft tissue infections [20] .
Antibiotics have been mixed with feed for oral administration for treatment and prevention of bacterial infections in aquaculture and drugs in the same classes have been used for medical treatment in humans. Particular concern is that improper and over-use of antibiotics can lead to development and distribution of antimicrobial resistance among aquatic bacterial pathogens, including A. hydrophila that could transfer to humans.
Multidrug-resistance phenotypes among bacteria have been shown to be attributed to integrons that are mobile genetic elements capable of capturing several resistance gene cassettes [15] . Class 1 integrons is the most common integron type identified among resistant bacteria [32] . The elements could be horizontally transferred among bacteria inter-and intra-species and play an important role in the acquired resistance among Gram-negative bacteria [15] .
A. hydrophila is an important-aquatic pathogen of public concern and Nile Tilapia is one of most important fish in world-fish farming with high economical value and high consumption demand. However, little is known about genetics of antimicrobial resistance in A. hydrophila isolated from freshwater fish, particularly farmed Nile Tilapia. The aim of this study was to characterize antimicrobial resistance in A. hydrophila isolated from farmed Nile Tilapia. The presence of class 1, 2 and 3 integrons and mutation in QRDRs of gyrA and parC were investigated.
MATERIALS AND METHODS

Bacterial isolates:
A total of 50 A. hydrophila isolates were included in this study. All the isolates were originated from the strain collection of Department of Veterinary Medicine, Faculty of Veterinary Science, Chulalongkorn University. They were isolated from clinical cases obtained from farmed Nile Tilapia in Thailand during 2007 and 2009. The A. hydrophila strains were isolated using the methods described in Fish Disease: Diagnosis and Treatment [30] and biochemically confirmed using API ® 20 E or API ® 20 NE (Biomerieux ® , Crapponne, France). All the isolates were genetically confirmed to be the hydrophila species using multiplex polymerase chain reaction technique with genus-specific primers Aero1 and Aero2 and species-specific primers 16S rDNA1 and 16S rDNA2 as previously described [4] . A. hydrophila ATCC 35654 was used as control organism.
Antimicrobial susceptibility testing: Antimicrobial susceptibilities to 15 antimicrobial agents including amoxicillin (AMO), carbenicillin (CAR), cefoperazone (CEF), chloramphenicol (CHP), ciprofloxacin (CIP), enrofloxacin (ENR), erythromycin (ERY), gentamicin (GEN), kanamycin (KAN), minocycline (MIN), oxytetracycline (OTC), sulphamethoxazole (SMX), streptomycin (STR), tetracycline (TET) and trimethoprim (TMP) were assessed by determining minimum inhibitory concentrations (MICs) using two-fold agar dilution technique [6] . Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213 and A. hydrophila ATCC 35654 were used as quality control organisms.
PCR and sequencing analysis: DNA prepared by the whole cell boiled lysate protocol were used as PCR-template [27] . All the specific primers are listed in Table 1 and all PCR amplifications were carried out using Fermentas ® PCR Master Mix (Fermentas, Burlington, Canada) according to the manufacturer's instructions.
All the A. hydrophila strains were assayed for the presence of intI1, intI2 and intI3 using PCR as previously described [5, 12] . All the intl1-positive strains were examined for the typical 3'conserved regions using primer sets qacEF and qacEΔ1R, sul1F and sul1R and qacEF and sul1R ( Fig.  1) . Inserted gene cassettes were investigated by conserved segment-PCR (CS-PCR) using 5'-CS and 3'-CS primer pair [27] . The PCR amplicons were gel purified using Nucleospin Gel Extraction kit (Nucleospin ® , Gutenburg, France) and submitted for DNA sequencing at Molecular Informatic Lab, N.T., Hongkong. The nucleotide sequences were analyzed by using the BLAST algorithm (http://www. ncbi.nlm.nih.gov).
All the A. hydrophila strains exhibiting resistance to enrofloxacin and/or ciprofloxacin (n=19) were examined for mutations in the quinolone resistance-determining regions (QRDRs) in gyrA and parC. The QRDRs of gyrA and parC were PCR amplified using primer pairs, AsalgyrAF and AsalgyrAR [17] and AhyParCF/AhyParCR, respectively. The DNA sequences were analyzed by comparison to the published A. hydrophila sequence GenBank accession numbers AY027901 and AF435419.1 for gyrA and parC, respectively. Two A. hydrophila isolates susceptible to both enrofloxacin (<0.06 and <0.06 µg/ml) and ciprofloxacin (0.125 and 0.06 µg/ml) were used as negative controls.
Conjugation experiment: All the A. hydrophila strains containing class 1 integrons with the inserted gene cassettes (n=14) were used as donors and the spontaneous-rifampicin resistant derivatives of E. coli K12 strain MG1655, namely MG1655 Rif r were used as recipient [24] . The recipient is susceptible to all antibiotics tested and does not contain class 1 integrons and plasmid. Transconjugants were selected on Eosin Methylene Blue (EMB) agar (Difco) supplemented with rifampicin (32 µg/ml) and trimethroprim (10 µg/ml) or streptomycin (25 µg/ml). Plasmid DNA was extracted from each transconjugant colony and examined for the presence of class 1 integrons with resistance gene cassettes corresponding to those in the donors.
RESULTS
Antimicrobial susceptibility: All the A. hydrophila isolates were resistant to at least one antibiotic (Table 2) . Most isolates were resistant to streptomycin (92%), trimethoprim (88%), amoxicillin (86%), carbenicillin (84%) and sulphamethoxazole (62%). Resistance rates to ciprofloxacin, enrofloxacin, kanamycin, minocycline, oxytetracycline and tetracycline were 34, 32, 22, 2, 34 and 36%, respectively. Ninety-four percent of the isolates were multidrug-resistant (resistant to at least 3 or more different classes of antimicrobials). Resistance to gentamicin, chloramphenicol and cefoperazone was not detected. Twenty-nine antimicrobial resistance phenotypes were obtained for all the resistant isolates and the most prevalent pattern was AMO-CAR-STR-TMP (20%).
Class 1 integrons and their transfer: Twenty-three A. hydrophila isolates (46%) were positive to the intI1 gene. Fourteen isolates (60.8%) carried gene cassettes inserted in variable regions (Table 3 ) and the others (39.1%) yielded a 150 bp PCR amplicon. Among the intI1-positive strains, 16 isolates (69.6%) harbored qacEΔ1-sul1 fused structure of typical 3' conserved region.
From CS PCR, the size of the variable regions ranged from 700 to 2,000 bp. Six integrons profiles (IP-I to IP-VI) were defined using the number and the size of the PCR amplicons obtained. Three resistance gene cassette arrays were identified including aadA2 (1,000 bp), dfrA1-orfC (1,200 bp) and dfrA12-aadA2 (2,000 bp). The most common gene cassette array was dfrA12-aadA2 (26.09%). Eleven A. hydrophila strains carried a single class 1 integrons and one of these isolates (i.e., AH171) yielded a 700-bp PCR amplicon confirmed to be the partial aadA2 by sequencing. Three isolates carried two distinct class 1 integrons comprising the aadA2 and dfrA1-orfC gene arrays.
Three A. hydrophila isolates could conjugally transfer class 1 integrons to the E. coli recipient when streptomycin resistance was used as selectable marker. These included the A. hydrophila strain AH171 containing the aadA2 gene array, AH147 carrying the incomplete aadA2 gene and AH200 with two class 1 integrons. For the latter, only the empty class 1 integrons was successfully transmitted.
Mutations in the QRDRs of gyrA and parC: All the A. hydrophila strains resistant to enrofloxacin (MIC 4-16 µg/ ml) and/or ciprofloxacin (MIC 4-16 µg/ml) were found to 
DISCUSSION
In this study, most of the A. hydrophila isolates expressed multidrug-resistance phenotypes. This is in agreement with the earlier work in the isolates from other aquatic animals including fish [18, 39] catfish and eel [31] indicating the widespread of multidrug-resistance among A. hydrophila in aquatic environment. High resistance to streptomycin was observed even though this antibiotic is rarely used in fish farm. The explanation could be cross resistance between streptomycin and other antimicrobials due to the common resistance mechanisms and/or co-selection of resistance (34) 16 (32) 6(12) 0 11 (22) 1 (2) 17(34) 31 (62) 46(92) 18 (36) 44(88) genes located on the same genetic elements.
The A. hydrophila isolates in this collection exhibited high resistance to sulphamethoxazole, trimethoprim, tetracycline and oxytetracycline. This is likely to be due to the extensive use of these antibiotics in farmed fish [34] . A. hydrophila is intrinsically resistant to β-lactams due to the expression of chromosomal β-lactamases [16, 40] . Therefore, it is not surprising to observe high resistance rates to amoxicillin and carbenicillin. It is noted that amoxicillinsusceptible strains (14%) were identified and the preciseunderlying reason remains unclear. In contrast, resistance to cefoperazone, chloramphenicol and gentamicin was not detected. Cefoperazone have never been used in farmed fish, while chloramphenicol has been banned for using in food producing animals. This could support the low resistance rates observed.
In this study, three resistance gene cassettes including dfrA1, dfrA12 and aad2 were detected. All the strains with class 1 integrons containing dfrA1 and/or dfrA12 were resistant to trimethroprim, while those with class 1 integrons carrying aad2 were resistant to streptomycin. Therefore, the presence of the resistance gene cassettes was wellcorresponded to the resistance phenotype. The dfrA12-aad2 cassette array was prevalent in this study that is not in agreement with previous studies suggesting that class 1 integrons from fish pathogens and environmental bacteria predominantly carry a single gene cassette [19, 25, 29] . Difference of antimicrobial use in different geographical regions that creates different selective pressure could be an explanation for this inconsistency. The dfrA12-aad2 cassette array has been previously identified in A. hydrophila from human cases [26] and other Aeromonas species including A. veronii, A. caviae [10] and A. salmonicida [25] . This gene cassette has been observed in different bacterial species from different hosts e.g., Salmonella enterica from poultry and swine [24] , E. coli from poultry [22] and Vibrio cholerae from human and environmental samples [41] . The resistance gene cassette aadA2 was previously described in Aeromonas spp. from humans in Mexico [32] , Aeromonas spp. from rainbow trout in Australia [29] , V. cholerae from human and environmental samples in Thailand [9] and S. enterica from food in Portugal [2] . The dfrA1-orfC gene array was previously found in V. cholerae from human in India [37, 41] and S. enterica from humans and animals in Australia [28] . The existence of the identical gene cassette array in different bacterial species from different geographical environments suggested the intra-and interspecies transfer of gene cassettes and integrons and also confirmed their significant contribution to horizontal spread of antimicrobial resistance among bacteria [36] .
The A. hydrophila strain carrying class 1 integrons with a partial aadA2 gene cassette (i.e., AH147) was isolated. The origin of such incomplete gene insert is still unclear and it was suggested that the partial gene may have been picked up by an irregular recombination process during integron transfer [43] .
Empty integrons with no integrated genes between two conserved ends were observed. These integrons have been previously reported in several bacterial pathogens including those from aquaculture [21, 35] . Such empty integrons may be those that lost resistance gene cassettes the absence of antimicrobial selective pressures or those that have never acquired the gene cassette inserts [7, 8] . Regardless of their origins, the empty variable regions in these integrons are available for capturing new mobile gene cassettes and facilitating resistance dissemination.
Some class 1 integrons in this study lacked typical 3' conserved segment. These atypical integrons have been previously reported in an aquatic environment [35] . Therefore, it is not surprising that the isolates in this study had peculiar 3' conserved segment and it yet again supports that the qacEΔ1-sul1 fused structure is not an absolute indicator for detection of class 1 integrons [42] .
Two transferable integrons lacked functional resistance gene cassettes including one with partial aadA2 gene (i.e., AH147) and one with no inserted gene cassettes (i.e., AH200). Such integron transfer could be mediated by streptomycin resistance-encoding gene(s) located elsewhere on the same R plasmids. It should be noted that conjugal transfer of some integrons may have not been detected by the biparental mating protocol employed. This could be due to inappropriate-selection marker used and the non-replication of certain plasmid in E. coli host. However, the results obtained in this study suggested the contribution of class 1 integrons in mediating antimicrobial resistance and an important role of antimicrobial use in distribution of resistance determinants among the marine environment. Quinolone resistance in A. hydrophila was previously shown to be associated with mutations within the QRDRs of gyrA, gyrB, parC and parE [17] . In this study, only an amino acid substitution Ser-83-Ile was identified in GyrA that was previously reported in the human isolates [1, 17] . In addition to the point mutation in GyrA, all ciprofloxacin and enrofloxacin resistant isolates carried a Ser-80-Ile substitution in ParC, which was also previously observed [1, 17, 38] . The data indicated that coexistence of such mutations in GyrA and ParC played an important role in quinolone resistance among the A. hydrophila isolates in this collection. Previous studies demonstrated the occurrence of plasmidmediated quinolone resistance (PMQR) determinants, in particular qnrS among environmental Aeromonas species and confirmed its role as a reservoir of antimicrobial resistance determinants in the environment [3, 33] . However, the PMQR genes were not examined in this study.
In conclusion, our investigation demonstrated the widespread of class 1 integrons among A. hydrophila isolated from farmed Nile Tilapia. This confirms the risk of co-selection and persistent of resistance-encoding genes under the selective pressure enforced by the use of antimicrobial agents in aquaculture. While the misuse and overuse of antimicrobials in food animal production confers a broad impact on both human and animal health, large amounts of antibiotic-containing feed have been usually spread into the fish-farming areas. Therefore, responsible and prudent use of antibiotics is a mandatory requirement to promote the healthy development of aquaculture ACKNOWLEDGMENTS. We thank K. Poonsuk and S. Khemtong, Department of Veterinary Public health, Chulalongkorn University for laboratory assistance. This work was supported by the MAG Window II grant, MRG-WII525S030, co-funded by Thailand Research Fund and Chulalongkorn University (through the 90th anniversary of Chulalongkorn University fund). ML is the recipient of the Chulalongkorn University Graduate Scholarship to Commemorate the 72nd Anniversary of His Majesty King Bhumbol Adulyadej.
